We report observations of energetic solar particles from the 1978 September 23 solar flare in which the three stable isotopes of magnesium are clearly resolved with a mass resolution of 0.23 amu. We find 25 Mg/ 24 Mg = 0.14 (+0.05, -0.02) and 26 Mg/ 24 Mg = 0.15 (+0.04, -0.03) in the energy interval 12-36 MeV per nucleon. These observations are consistent with terrestrial magnesium isotopic abundances.
I. INTRODUCTION
The isotopic composition of the solar system provides key pieces of information for the study of the origin of the elements via nucleosynthetic processes and the study of the formation of the solar system. Although the Sun is the major reservoir of solar system material, most of our present knowledge about the solar system isotopic composition comes from the study of terrestrial material and meteorites, which by weight are trace constituents of the solar system. At present the solar abundances have been studied directly through three channels: spectral analysis of the Sun's emitted light, measurements of the composition of the solar wind, and measurements of the composition of energetic particles accelerated in solar flares. The solar wind and solar energetic particles provide direct samples of material from the solar atmosphere.
In this Letter we report the first observations of solar energetic particles in which the three isotopes of magnesium are clearly resolved.
II. INSTRUMENT
The Caltech Heavy Isotope Spectrometer Telescope (HIST) is carried by the ISEE-3 spacecraft, which was launched on 1978 August 12 into a heliocentric orbit approximately 0.01 AU sunward of the Earth. HIST is designed to measure the isotopic composition of solar and galactic cosmic ray nuclei from Li to Ni in the energy range from "-'S to "-'250 MeV per nucleon. The HIST is a stack of 11 silicon solid-state detectors. The front two detectors (M1 and M2) are two-dimensional position-sensitive detectors which measure the trajectories of individual particles entering the telescope. Use of this trajectory information results in a significant improvement in the mass resolution compared with telescopes with similar opening angles that do not have trajectory-measuring capability. Following M1 and M2 are nine detectors labeled D1 to D9 from front to back of the detector stack. Further details of the design and operation of HIST, including an instrument cross section, are given in Althouse et al. (1978) and Mewaldt et al. (1979) .
L163 III. OBSERVATIONS
On 1978 September 23, a large solar particle event was observed by HIST within 1 hr after an importance 2B flare located at 35° N, 50° W on the Sun. The magnesium data were accumulated from 10: 00 UT on 1978 September 23 to 0:00 UT on 1978 September 28, during which more than 10 4 particles with charge Z ~ 6 and energy ~5 MeV per nucleon were analyzed. Neon isotope observations from this flare were previously reported by Mewaldt et al. (1979) with the somewhat surprising result (see also Dietrich and Simpson 1979a ) that the solar energetic particle composition was consistent with the meteoritic component neon-A which has 20 Ne/ 22 Ne ~ 8.2, but not with measurements of the solar wind reported by Geiss (1973) , which gave 20 N e/ 22 N e ~ 13.7.
The method of measuring Mg isotopes is essentially identical with that employed for our neon measurements. Up to three separate determinations of each particle's mass can be obtained using the individual detector outputs for a multiple dE/dx versus residual energy-loss analysis, as described in Mewaldt et al. (1979) . Intercomparison of these mass determinations for self-consistency is a powerful technique for background supression. For this analysis, magnesium particles stopping in detectors D2, D3, and D4 (ranges 2, 3, and 4) were accepted. These ranges include an energy interval of 12-36 MeV per nucleon for 24 Mg. For each event, a best estimate of the isotope mass M was obtained from a weighted average of the individual mass determinations. For events identified as magnesium, with M between 22 and 28 amu, the consistency check eliminated 52 out of 243 events. The relative isotopic abundances were not sensitive to the criterion used for the consistency check. The histogram for M containing the sum of all accepted events for ranges 2, 3, and 4 is shown in Figure 1 . The observed mass resolution obtained by fitting three Gaussian distributions to the histogram is u = 0.23 amu.
In Figure 1 , there are some events below the 24 Mg peak, near 23 Mg, a radioactive isotope. Instrumental effects such .as edge events in the detectors or incom- plete charge collection will act to lower the observed mass rather than to increase it. We believe the events near 23 Mg to be actual 24 Mg events and expect proportionate amounts of background due to 26 Mg and 26 Mg. We have not corrected for this effect because it is much smaller than the statistical uncertainty in our measurements.
The relative isotopic abundances were computed using a two-dimensional maximum likelihood analysis that takes into account the separate mass determinations for each event. Because HIST has a slightly different energy /nucleon acceptance window for each of the magnesium isotopes when events are selected according to range, we made a small correction to the isotopic abundances using the observed magnesium energy spectrum. The correction was -8% for the abundance ratio 26 Mgj2 4 Mg and -14% for the ratio 26 Mg/ 24 Mg. Our 68% confidence intervals for these ratios are 26 Mg/ 24 Mg = 0.14 (+0.05, -0.02) and 26 Mgj2 4 Mg = 0.15 ( +0.04, -0.03). These confidence limits take into account only statistical uncertainties, although we believe that the upper limit to systematic uncertainties in these measured ratios is less than 0.01.
IV. DISCUSSION
Our solar energetic particle measurement and selected other measurements of magnesium isotopic abundances in the solar system are plotted on a threeisotope diagram in Figure 2 and Schramm, Tera, and Wasserburg (1970) , based on measurements in a number of terrestrial, lunar, and meteoritic samples.
There are very few direct measurements of magnesium isotopes on the Sun. Boyer, Henoux, and Sotirovski (1971) FrG. 2.-A comparison of solar-system magnesium-isotope measurements. The "solar energetic particle" measurement is our own, "sunspot spectrum" is the value reported in Boyer, Henoux, and Sotirovski (1971) , and "standard" is from Schramm, Tera, and Wasserburg (1970) . • There is a 16% probability that the actual ratio is greater and a 16% probability that it is less than these limits.
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No. 3, 1981 SOLAR FLARE ACCELERATED Mg L165 of both of these studies are inconsistent with the significant enhancement in the abundances of the heavier Mg isotopes reported in earlier work (Branch 1970; Kumar 1969) .
The only other measurement of magnesium isotopes in solar energetic particles is a preliminary value reported by Dietrich and Simpson (1979b) There are no direct observations of Mg isotopes in the solar wind. Zinner et al. (1977) , however, have analyzed surface enhancements of Mg on lunar rocks that they conclude are due to solar wind implantation. They find magnesium isotopic abundances that are consistent with terrestrial values to within their experimental uncertainties, estimated by Zinner (1979) to be '"'-'20%.
The vast majority of meteoritic samples studied contain "standard" Mg isotope abundances (see, e.g., Schramm, Tera, and Wasserburg 1970) . Recently, however, two classes of Mg isotope anomalies have been discovered in meteorites. W asserburg, Lee, and Papanastassiou (1977) have observed Mg isotope variations in two inclusions of the Allende meteorite that are characterized by both fractionation (F) effects of several percent, and unknown nuclear (UN) effects of a few tenths of a percent, hence, the designation FUN for this class of anomaly. A second meteoritic abundance anomaly is the result of the in situ decay of radioactive 26 AI to 26 Mg, where 26 Mg excesses of up to '""'10% have been reported .
Although the magnitude of meteoritic anomalies observed to date is smaller than the present uncertainties in the solar energetic particle observations, the very existence of isotopic anomalies in Mg and a number of other elements observed in meteorites (see, e.g., the reviews by Clayton 1978; Podosek 1978) demonstrates that the solar system is not homogeneous in its isotopic composition and thereby emphasizes the importance of an accurate determination of the solar composition. Within the current statistical limitations, we find no evidence that the composition of the 1978 September 23 solar flare is different from the terrestrial magnesium standard.
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